The cell structure of Chlamydomonas reinhardi is disrupted by brief exposure to sonication. The extent of cell breakage can be determined quickly by cell count with the light microscope. Rates of photochemical activities of briefly sonicated cells approach those reported for higher plant chloroplasts. These activities are a sensitive function of time of sonication and sonic power used. The method of brief sonication is rapid and convenient and gives a stable preparation useful for determining photochemical activities in Chlamydomonas.
The green alga, Chlamydomonas reinhardi, has become an increasingly useful organism for research in mutational analysis of photosynthetic mechanisms, development studies of chloroplasts, and genetic and molecular biological investigations of nuclear and cytoplasmic inheritance (8) (9) (10) (11) . In many of these studies, the measurement of partial reactions of photosynthesis (or photochemical activities) is of crucial importance. For example, because Levine and co-workers were able to measure photochemical activities in particles of Chlamydomonas reinhardi, they could demonstrate that several single gene mutations affected uniquely these activities (9) .
The majority of past studies of photochemical activities in algae has involved some kind of mechanical breakage of the cells followed by differential centrifugation to isolate photosynthetic membranes. The tough algal cell wall requires rather vigorous treatment to liberate the photosynthetic membranes such that the isolated chloroplast membranes often exhibit rather poor photochemical activities compared to those from higher plant chloroplasts.
In this and the following paper (3), we demonstrate the value of using a briefly sonicated cell preparation in studying the photochemical activities in Chlamydomonas reinhardi.
MATERIALS AND METHODS
Chlamydomonas reinhardi wild type strain 137-C (+) was grown in 500-ml flasks as described by Gorman and Levine ' This work was supported in part by the National Institutes of Health, United States Public Health Service Grant GM 16314 to A.S.P., and the National Institutes of Health, United States Public Health Service Grant PHS SOS RR 7031 to R.K.T. (5) . Cells were harvested during log phase growth by centrifugation at 3000g for 5 min. They were suspended in 0.05 M Tricine, pH 7.5, and again pelleted under the same centrifugation conditions. Cells were then resuspended in 0.05 M Tricine, pH 7.5, at a concentration of 0.06 mg Chl/ml, and the suspension was slowly stirred at room temperature under a fluorescent lamp which provided an incident light intensity of 1 X 10' ergs cm-2 sec-'. In assays where pH values considerably different from 7.5 were used, cells were resuspended at a concentration of 0.01 M Tricine, pH 7.5. Chlorophyll was determined by the method of Arnon (1) .
Cells were sonicated in preparation for assay in the following manner. After the harvested cells had been illuminated for at least 15 min under the fluorescent lamp as described above, a 5-ml aliquot was placed in a 10-ml glass beaker.
Sonication was performed with a Quigley-Rochester sonic dismembrator equipped with a 1.27-cm diameter probe. The probe was placed approximately two-thirds of the way into the cell suspension. The power unit of the sonicator was equipped with a dial to permit power settings calibrated between 0 and 100, and connected to a timer such that sonication times of 2 sec or more could be used with accuracy. An adjustable laboratory jack was placed below the sonicator probe to support the beaker of cells at a precise and constant position with respect to the probe. No Figure 1 .
Cells were also observed with the electron microscope after glutaraldehyde fixation followed by osmium tetroxide and sectioning (Rudy Turner, personal communication). The extent of breakage noted with the electron microscope was very similar to that in the light microscope. No specific breakage pattern was discernible, and in some cases the internal plastid membrane structure was disrupted while the other cell wall and membrane appeared to remain intact.
The effect of sonication time on various electron transport activities is shown in Figure 2 . In each case, the observed rate is maximal after only a few sec of sonication whereas excessive sonication resulted in decreased activity. As has previously been observed (2) Therefore, the rate of NADP reduction was measured spectrophotometrically and the stoichiometric 02 evolution was calculated therefrom. Comparing the three curves in Figure 2 , it appears that longer sonication times are required for the functioning of large, hydrophilic acceptors (ferredoxin/NADP) than for small more lipophilic compounds (BQ). The data in Figure 3 demonstrate that 02 consuming reactions in briefly sonicated Chlamydomonas cells respond analogously to the 02 evolving reactions. Photosystem II is apparently more sensitive to sonication than photosystem I since the reaction involving 02 evolution (H20 to MV) is about 60% inhibited after 15 sec sonication, while that involving only photosystem I (Asc/DPIP to MV) is nearly optimal after 15 sec sonication (Fig. 3) . Table I shows the optimum sonication power settings for 10 sec sonication. Maximum activities occur at somewhat different power settings for different assays. However, each assay system showed nearly maximum activity with a power setting of 80. To afford maximum uniformity, experiments were rountinely performed with cells sonicated for 10 sec at a power setting of 80.
The pH optima of several photochemical activities are shown in Figure 4 . Electron transfer from H20 to BQ exhibits a broad pH optimum from 7.5 to 8.1. Approximately the same optimum is seen with FeCN or MV as electron acceptor (data not shown). The pH optimum for NADP reduction is lower; the activity is maximal between 6.9 and 7.5. MV reduction mediated by Asc/DPIP demonstrates a pH optimum of 8.4 to 8.7. This assay was usually performed at pH 7.8 or 8.1 because at higher pH the activity was variable and generally increased slowly with time after sonication.
The effects of the photophosphorylation uncoupler methylamine and of salt concentration of photochemical activities are given in Table II A particular advantage of the briefly sonicated system is the stability of various photochemical activities after sonication (Fig. 5) It has been reported that sonication results in uncoupling of electron transport from photophosphorylation (6) and removal of plastocyanin from the membranes of isolated spinach chloroplasts (7). However, the 10 sec sonication routinely used here is considerably shorter than that required to uncouple or remove plastocyanin from higher plant chloroplasts. The rather small stimulation by methylamine (Table II The advances of this system over those used for many preparations of photosynthetic materials are convenience and speed. Cells could be harvested and left stirring for several hours without appreciable change inactivities. Furthermore, cells could be stored for up to 2 hr at 0 C after sonication without appreciable loss in photochemical activities. In most experiments, when assays were performed immediately after sonication, no cooling of the preparation was required for the entire procedure.
We believe that the brief sonication procedure will not only prove convenient for determining photochemical activities in large numbers of cell populations such as potential mutant strains, but may prove very useful in the classroom, whereby cell preparation and photosynthetic assays can be rapidly performed by students.
